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1
SELECT DEVICE FOR MEMORY CELL
APPLICATIONS

TECHNICAL FIELD

The present disclosure relates generally to semiconductor
memory devices and methods, and more particularly, to select
devices for memory cell applications.

BACKGROUND

Memory devices are typically provided as internal, semi-
conductor, integrated circuits in computers or other electronic
devices. There are many different types of memory, including
random-access memory (RAM), read only memory (ROM),
dynamic random access memory (DRAM), synchronous
dynamic random access memory (SDRAM), resistive
memory, and flash memory, among others. Types of resistive
memory include programmable conductor memory, and
resistive random access memory (RRAM), among others.

Memory devices are utilized as non-volatile memory for a
wide range of electronic applications in need of high memory
densities, high reliability, and data retention without power.
Non-volatile memory may be used in, for example, personal
computers, portable memory sticks, solid state drives (SSDs),
digital cameras, cellular telephones, portable music players
such as MP3 players, movie players, and other electronic
devices.

RRAM devices include resistive memory cells that store
data based on the resistance level of a storage element. The
cells can be programmed to a desired state, e.g., correspond-
ing to a particular resistance level, such as by applying
sources of energy, such as positive or negative voltages to the
cells for a particular duration. Some RRAM cells can be
programmed to multiple states such that they can represent,
e.g., store, two or more bits of data.

The programmed state of a resistive memory cell may be
determined, e.g., read, for example, by sensing current
through the selected resistive memory cell responsive to an
applied interrogation voltage. The sensed current, which var-
ies based on the resistance level of the memory cell, can
indicate the programmed state of the resistive memory cell.

In various instances, arrays of resistive memory cells can
be prone to read disturbance problems. For instance, as part of
aread operation, current can flow from a selected access line,
e.g., word line, through a selected memory cell, to a data/
sense line, e.g., bit line. However, in various array architec-
tures such as cross-point architectures, current also flows into
unselected word lines that cross over the selected bit line.
Conduction of current into unselected word lines can reduce
the ability to distinguish between data states, e.g., by decreas-
ing output impedance, among other drawbacks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a portion of an array of
resistive memory cells in accordance with one or more
embodiments of the present disclosure.

FIG. 2A illustrates a cross-sectional view of a select device
in accordance with one or more embodiments of the present
disclosure.

FIG. 2B illustrates a top view of the select device illustrated
in FIG. 2A in accordance with one or more embodiments of
the present disclosure.

FIG. 3A-1 illustrates a cross-sectional view of a select
device in accordance with one or more embodiments of the
present disclosure.
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FIG. 3B-1 illustrates a top view of the select device illus-
trated in FIG. 3A-1 in accordance with one or more embodi-
ments of the present disclosure.

FIG. 3A-2 illustrates a cross-sectional view of a select
device in accordance with one or more embodiments of the
present disclosure.

FIG. 3B-2 illustrates a top view of the select device illus-
trated in FIG. 3A-2 in accordance with one or more embodi-
ments of the present disclosure

FIG. 4A illustrates a cross-sectional view of a select device
in accordance with one or more embodiments of the present
disclosure.

FIG. 4B illustrates a top view of the select device illustrated
in FIG. 4A in accordance with one or more embodiments of
the present disclosure.

FIG. 5 is a graph illustrating voltage and current relation-
ships of a select device in accordance with one or more
embodiments of the present disclosure.

DETAILED DESCRIPTION

The present disclosure includes select devices and methods
of using select device for memory cell applications. An
example select device includes a first electrode having a par-
ticular geometry, a semiconductor material formed on the first
electrode and a second electrode having the particular geom-
etry with formed on the semiconductor material, wherein the
select device is configured to snap between resistive states in
response to signals that are applied to the select device.

Embodiments according to the present disclosure can
include a select device that snaps between a first resistive state
and a second resistive state in response to signals above a
threshold voltage being applied to and then removed from the
select device. As an example, embodiments of the present
disclosure can support current densities greater than 1
MA/cm?® when the select device is in the first resistive state in
response to the signal applied to the select device being
greater than the threshold voltage. Embodiments of the
present disclosure can include benefits such as providing a
bi-directional select device useful for memory applications
such as resistive memory applications, for instance. As an
example, one or more select devices in accordance with the
present disclosure can be formed at temperatures sufficiently
low to support back end of line processing (BEOL) when
forming memory arrays such as RRAM arrays. Various
embodiments provide select devices having a high on current
versus off current ratio (Ion/Ioff) in association with a partial
select read method, such as a half select read method or third
select read method. That is, lon/Ioff at an on voltage (Von)
associated with the memory array is much greater than lon/
Ioff at a corresponding half select voltage (Von/2) or third
select voltage (Von/3). As an example, lon/Ioff at Von can be
atleast 1x10” times greater than the Ion/Ioff at Von/2, in some
embodiments. Various embodiments include leakage currents
of a select device that scale with the area of a select device.

In the following detailed description of the present disclo-
sure, reference is made to the accompanying drawings that
form a part hereof, and in which is shown by way of illustra-
tion how one or more embodiments of the disclosure may be
practiced. These embodiments are described in sufficient
detail to enable those of ordinary skill in the art to practice the
embodiments ofthis disclosure, and it is to be understood that
other embodiments may be utilized and that process, electri-
cal, and/or structural changes may be made without departing
from the scope of the present disclosure. As used herein, the
designators “M” and “N”, particularly with respect to refer-
ence numerals in the drawings, indicates that a number of the



US 9,425,390 B2

3

particular feature so designated can be included. As used
herein, “a number of” a particular thing can refer to one or
more of such things (e.g., a number of memory devices can
refer to one or more memory devices).

The figures herein follow a numbering convention in which
the first digit or digits correspond to the drawing figure num-
ber and the remaining digits identify an element or compo-
nent in the drawing. Similar elements or components between
different figures may be identified by the use of similar digits.
For example, 208 may reference element “08” in FIG. 2A,
and a similar element may be referenced as 308 in FIG. 3A.
As will be appreciated, elements shown in the various
embodiments herein can be added, exchanged, and/or elimi-
nated so as to provide a number of additional embodiments of
the present disclosure.

FIG. 1 is a block diagram of a portion of an array 100 of
memory cells in accordance with one or more embodiments
of the present disclosure. The array 100 is a two terminal
cross-point array having memory cells located at the intersec-
tions of a number of access lines 102-0, 102-1, . . ., 102-N,
which may be referred to herein as word lines, and a number
of data/sense lines 104-0, 104-1, . . ., 104-M, which may be
referred to herein as bit lines. As illustrated, the word lines
102-0,102-1, . . ., 102-N are parallel to each other and are
orthogonal to the bit lines 104-0, 104-1, . . . , 104-M, which
are substantially parallel to each other; however, embodi-
ments are not so limited.

Each memory cell may include a storage element 106, e.g.
a resistive memory element, coupled in series with a select
device 108, e.g., an access device, in accordance with one or
more embodiments described herein. The storage element
106 can include a programmable portion that may have a
variable resistance, for example. The storage element 106 can
include, for example, one or more resistance variable mate-
rials such as a transition metal oxide material or a perovskite
including two or more metals, e.g., transition metals, alkaline
earth metals, and/or rare earth metals. Other examples of
resistance variable materials associated with the storage ele-
ment 106 of a memory cell can include chalcogenides, binary
metal oxides, colossal magnetoresistive materials, and/or
various polymer-based resistive variable materials, among
others. As such, the memory cells can be RRAM cells,
PCRAM cells, and/or conductive bridging memory cells,
among various other types of resistive memory cells.

In one or more embodiments, the select devices 108 cor-
responding to each memory cell include a first electrode, a
semiconductor material, and a second electrode. The first
electrode, the semiconductor material, and the second elec-
trode of the select devices can be configured so that they snap
between a first resistive state and a second resistive state when
a signal is applied to select device 108. For example, select
device 108 can snap from a first resistive state to a second
resistive state when a signal that is greater than a threshold
voltage is applied to select device 108. Therefore, when a
signal that is greater than the threshold voltage is applied to
select device 108, the select device snaps to the second resis-
tive state and a current associated with programming and/or
reading a memory cell can pass through the select device to
storage element 106. Once the signal is removed from the
select device 108, the select device 108 snaps back to the first
resistive state. In a number of embodiments, the select device
108 can repeatedly snap between resistive states when a sig-
nal is applied to the select device and removed from the select
device 108.

In a number of embodiments, select device 108 can be
configured so that a first resistive state of the select device
does not allow current associated with programming and/or
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reading a memory cell to pass through the select device 108 to
the storage element 106 of a memory cell. Also, select device
108 can be configured so that a second resistive state of the
select device allows current associated with programming
and/or reading a memory cell to pass through the select device
108 to the storage element 106 of a memory cell. In a number
of embodiments, select device 108 can be configured so that
a storage element 106 of a memory cell can see a current
density of greater than 1 MA/cm? when the select device 108
is in a resistive state associated with a signal greater than a
threshold voltage.

In a number of embodiments, the select device 108 can be
configured to snap between resistive states when a signal is
applied to the select device 108 based on the size of the select
device 108 and the materials comprising the select device
108. For example, the threshold voltage where the snap
between resistive states occurs can be configured based onthe
size of the select device 108 and the materials comprising the
select device 108. In a number of embodiments, select device
108 can include a first electrode and a second electrode con-
figured in a circular geometry having a diameter of less than
approximately 30 nanometers. The select devices 108 can
include a semiconductor material between two electrodes and
the semiconductor material and the two electrodes can be
doped with an optical adsorber, such as carbon, for example.
Also, an insulating material can be formed on the sidewalls of
the two electrodes and the semiconductor material. The insu-
lating material can control the heat loss in the semiconductor
material so that the select device can have desired resistive
properties. For example, doping the electrodes and/or semi-
conductor material with carbon and/or providing an insulat-
ing material on the sidewalls of the electrodes and semicon-
ductor material can provide the select device 108 with
thermal properties to reach a temperature where the select
device snaps between resistive states when a voltage, such as
a programming and/or read signal, is applied to the select
device. For example, various thermal, electrical, and struc-
tural properties of the select device 108 can be configured so
that storage element 106 and select device 108 can be oper-
ated together with control circuitry. In a number of embodi-
ments, select device 108 can be configured to operate
between approximately 0.1 V to 10V and snap between resis-
tive states with a current that is less than approximately 1 pA.
For example, select device 108 reaches a temperature of
greater than 600° C. when a signal of 0.5V to 5V, with a
corresponding current of approximately 1 nA to 100 nA, is
applied to the select device 108. In a number of embodiments,
the leakage current of the select device 108 when applying a
half select voltage or a third select voltage, for example, can
be less than approximately 1 pA. For example, when a half
select voltage is applied to select device 108, the leakage
current of the select device can be less than approximately 10
nA.

As an example, the array 100 can be operated in accordance
with a half select method, e.g., a half select biasing scheme. A
half select method can include applying a half select voltage
(V/2)to a selected bit line, e.g., a bit line coupled to a selected
memory cell, and a negative half select voltage (-V/2) to a
selected word line, e.g., a word line coupled to the selected
memory cell, while biasing unselected word lines at a refer-
ence potential, e.g., a ground potential. In the example illus-
trated in FIG. 1, memory cell 105 is a selected memory cell.
That is, selected memory cell 105 is coupled to a selected bit
line 104-1 biased at V/2 and a selected word line 102-1 biased
at —=V/2. As such, the full select voltage (V) is applied across
the selected memory cell 105. The unselected memory cells
coupled to the selected bit line 104-1 and selected word line
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102-1, e.g., unselected memory cells 107-0 and 107-1, expe-
rience a half select voltage of +/-V/2 and can be referred to as
“half'selected” cells. The unselected memory cells coupled to
unselected bit lines and/or word lines are unbiased, e.g., they
experience a ground potential of OV, in this example. The
select voltage (V) can be a write voltage or a read voltage, for
instance.

It can be beneficial for select devices to provide a half'select
ratio (HSR) that is as large as possible. The HSR can refer to
the ratio of the current flowing through a selected memory
cell, e.g., 105, to the current flowing through a half selected
memory cell, e.g., 107-0 and 107-1. As described further
below, select devices in accordance with one or more embodi-
ments can provide a half select ratio of 10*:1 to 10°:1 or
larger, for example. The larger the HSR, the lower the power
dissipation caused by current flow in half-selected memory
cells, e.g.,107-0 and 107-1, and the greater the signal to noise
ratio (S/N) during read and/or write operations, which can
reduce the likelihood of read and/or write disturb to half
selected memory cells. The half select method is provided as
one example and embodiments are not limited to a particular
programming and/or read method.

Embodiments of the present disclosure are not limited to a
half select method associated with programming or reading a
memory cell. For instance, the array 100 can be operated in
accordance with other biasing schemes, such as a one third
select method. As an example, a one third select method can
include applying a full select voltage (V) to a selected bit line
and a ground potential to a selected word line, while biasing
unselected bit lines at V/3 and unselected word lines at (2V)/
3, such that the voltage between unselected word lines and bit
lines is about +/-V/3.

In various embodiments, the select devices 108 corre-
sponding to memory cells of array 100 can be “bipolar” in that
they permit bi-directional current flow, e.g., in both forward
and reverse directions, under sufficiently high voltage bias
conditions, but block current flow under lower voltage con-
ditions.

FIG. 2A illustrates a cross-sectional view of a select device
208 in accordance with one or more embodiments of the
present disclosure. In FIG. 2A, select device 208 includes
electrodes 210 and a semiconductor material 212. In a num-
ber of embodiments, electrodes 210 can include material such
as titanium silicon nitride (TiSiN), tantalum nitride (TaN),
and/or carbon, for example. In a number of embodiments,
electrodes 210 can include a metal doped with carbon. Also,
electrodes 210 can include number of portions, such as a
laminate formed of portions of a metal, portions of a resistor,
and/or portions of a semiconductor. The electrodes 210 can
include portions of a semiconductor that can include silicon
(S1), silicon germanium (SiGe), germanium (Ge), silicon car-
bon (SiC), aluminum nitride (AIN), carbon, and/or diamond
like carbon (DLC), among other semiconductors. The por-
tions of semiconductors included in the electrodes 210 can be
doped with a metal. The semiconductors can be doped with
approximately 1E14> atoms of the dopant metal, for example.
A semiconductor portion included in the electrodes 210 can
be approximately 5 nm-50 nm thick.

In a number of embodiments, the electrodes can include a
number of portions of material that interface with the semi-
conductor material 212. The number of materials can include
combination of materials that interface and can act as a ther-
mal boundary resistance, which can limit heat dissipation
through the electrodes 210 to the semiconductor material 212.
The portions of materials can be formed of a number of
portions of materials interfacing together that include tung-
sten/carbon (W/C), tungsten silicon/carbon (WSi,/C), tung-
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6

sten nitride/carbon (WN/C), titanium/carbon (Ti/C), tung-
sten/silicon carbide (W/SiC), tungsten/doped polycrystalline
semiconductor, tungsten silicon/doped polycrystalline semi-
conductor, and/or tungsten nitride/dope polycrystalline semi-
conductor, among other material combinations. For example,
the polycrystalline semiconductors can be silicon (Si), silicon
germanium (SiGe), germanium (Ge), silicon carbide (SiC),
and/or aluminum nitride (AIN) doped with arsenic (As),
boron (B), phosphorus (P), titanium (T1), aluminum (Al),
antimony (Sb), tin (Sn), indium (In), and/or bismuth (Bi),
among other materials. Also, a portion of carbon (C) or tung-
sten silicon (WSi, ) can be formed between the electrodes 210
and the semiconductor material 212. The portion of carbon
(C) or tungsten silicon (WSi, ) can be approximately 1 nm-30
nm thick and can help prevent metal electro-migration
between the electrodes 210 and the semiconductor material
212.

In a number of embodiments, semiconductor material 212
can include amorphous silicon. Also, the amorphous silicon
can be doped with carbon to increase the thermal capacitance
of the semiconductor material 212. The semiconductor mate-
rial 212 can be configured so that the resistive state changes in
response to the semiconductor material 212 heating to a tem-
perature of greater than 600° C. when a signal that is between
0.5V and 5V is applied to the select device 208.

FIG. 2B illustrates a top view of the select device 208
illustrated in FIG. 2A in accordance with one or more
embodiments of the present disclosure. As illustrated in FIG.
2B, select device 208 can have a circular geometry. The
electrodes 210 of select device can have a diameter of
approximately 100 nanometers or less. The semiconductor
material 212, not shown in FIG. 2B, can have the same cir-
cular geometry as the electrodes. In a number of embodi-
ments, the select device 208 and the electrodes 210 can have
an aspect ratio that is greater than 10. The select device and
the electrodes 210 having such aspect ratios can increase the
thermal resistance of the select device and reduce thermal
sink effects in the select device. In a number of embodiments,
the semiconductor material 212 can have a different geometry
and/or size than electrodes 210. For example, the semicon-
ductor material 212 could have a diameter that is less than the
diameter of the electrodes 210. In a number of embodiments,
the electrodes 210 and/or semiconductor material 212 can
have a quasi-square geometry, among other geometries. In a
number of embodiments, a vacuum can be formed between
adjacent select devices. A vacuum between adjacent select
devices can provide thermal insulation, which can to reduce
the thermal effects on a particular select device when heating
and/or cooling adjacent select devices.

FIG. 3A-1 illustrates a cross-sectional view of a select
device 308 in accordance with one or more embodiments of
the present disclosure. In FIG. 3A-1, select device 308
includes heaters 314, electrodes 310 and a semiconductor
material 312. In a number of embodiments heaters 314 can be
in contact with the electrodes 310. The heaters 314 can be
formed of metals and/or carbon, among other materials that
can increase the thermal capacitance of the select device 308.
In a number of embodiments, electrodes 310 can include
materials such as titanium silicon nitride (TiSiN), tantalum
nitride (TaN), and/or carbon, for example. In a number of
embodiments, electrodes 310 can include a metal doped with
carbon. Also, electrodes 310 can include a laminate formed of
portions of a metal and portions of a resistor. In a number of
embodiments, semiconductor material 312 can include amor-
phous silicon. Also, the amorphous silicon can be doped with
carbon to increase the thermal capacitance of the semicon-
ductor material 312.
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FIG. 3B-1 illustrates a top view of the select device 308
illustrated in FIG. 3A-1 in accordance with one or more
embodiments of the present disclosure. As illustrated in FIG.
3B-1, select device 308 can have a circular geometry. The
heaters 314 and electrodes 310, not shown in FIG. 3B-1, of
select device 308 can have a diameter of approximately 30
nanometers or less. The semiconductor material 312, not
shown in FIG. 3B-1, can have the same circular geometry as
the electrodes. In a number of embodiments, the semiconduc-
tor material 312 can have a different geometry and/or size
than electrodes 310 and/or heaters 314. For example, the
semiconductor material 312 could have a diameter that is less
than the diameter of the electrodes 310 and/or heaters 314. In
a number of embodiments, the electrodes 310, heaters 314,
and/or semiconductor material 312 can have a quasi-square
geometry, among other geometries.

FIG. 3A-2 illustrates a cross-sectional view of a select
device 308 in accordance with one or more embodiments of
the present disclosure. In FIG. 3A-2, select device 308
includes electrodes 310, heaters 314, and a semiconductor
material 312. In a number of embodiments, electrodes 310
can be in contact with the heaters 314. In a number of embodi-
ments, electrodes 310 can include materials such as titanium
silicon nitride (TiSiN), tantalum nitride (TaN), and/or carbon,
for example. In a number of embodiments, electrodes 310 can
include a metal doped with carbon. Also, electrodes 310 can
include a laminate formed of portions of a metal and portions
of a resistor. The heaters 314 can be formed of metals and/or
carbon, among other materials that can increase the thermal
capacitance of the select device 308. In a number of embodi-
ments, semiconductor material 312 can include amorphous
silicon. Also, the amorphous silicon can be doped with carbon
to increase the thermal capacitance of the semiconductor
material 312.

FIG. 3B-2 illustrates a top view of the select device 308
illustrated in FIG. 3A-2 in accordance with one or more
embodiments of the present disclosure. As illustrated in FIG.
3B-2, select device 308 can have a circular geometry. The
electrodes 310 and the heaters 314, not shown in FIG. 3B-2,
of'select device 308 can have a diameter of approximately 30
nanometers or less. The semiconductor material 312, not
shown in FIG. 3B-2, can have the same circular geometry as
the electrodes. In a number of embodiments, the semiconduc-
tor material 312 can have a different geometry and/or size
than electrodes 310 and/or heaters 314. For example, the
semiconductor material 312 could have a diameter that is less
than the diameter of the electrodes 310 and/or heaters 314. In
a number of embodiments, the electrodes 310, heaters 314
and/or semiconductor material 312 can have a quasi-square
geometry, among other geometries.

FIG. 4A illustrates a cross-sectional view of a select device
408 in accordance with one or more embodiments of the
present disclosure. In FIG. 4A, select device 408 includes
electrodes 410, a semiconductor material 412, and an insu-
lating material 416. In a number of embodiments, electrodes
410 can include material such as titanium silicon nitride (Ti-
SiN), tantalum nitride (TaN), and/or carbon, for example. In
anumber of embodiments, electrodes 410 can include a metal
doped with carbon. Also, electrodes 410 can include a lami-
nate formed of portions of a metal and portions of a resistor.

In a number of embodiments, semiconductor material 412
can include amorphous silicon. Also, the amorphous silicon
can be doped with carbon to increase the thermal capacitance
of the semiconductor material 412. The insulating material
416 can be formed on the sidewalls of the electrodes 410 and
the semiconductor material 412. The insulating material 416
can include silicon dioxide (Si0O,), silicon nitride (SiN),
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boron nitride (BN), aluminum oxide (Al,0;), hafnium oxide
(HfO,), hafnium oxide (HfO,) doped with less than yttrium
oxide (Y,0;), zirconium oxide (ZrO,), zirconium oxide
(ZrO,) doped with between 4% and 8% yttrium oxide
(Y,0,), yttrium oxide (Y,0;), titanium oxide (TiO,), yttria-
stabilized zirconia (YSZ), and/or pyrochlore oxides, for
example, among other insulating materials. The insulating
material 416 can provide thermal insulation to allow the semi-
conductor material to heat to a temperature where a resistive
state of the semiconductor material snaps to a different resis-
tive state. In a number of embodiments, insulating material
can be formed so that there is a vacuum between the insulat-
ing material and the sidewalls of the semiconductor material
and the electrode material. The vacuum between the insulat-
ing material and the sidewalls of the semiconductor material
and the electrode material can provide thermal insulation to
facilitate the heating and/or cooling of the semiconductor
material.

FIG. 4B illustrates a top view of the select device 408
illustrated in FIG. 4A in accordance with one or more
embodiments of the present disclosure. As illustrated in FIG.
4B, select device 408 can have a circular geometry. The
insulating material 416 and electrodes 410 of select device
408 can have a combined diameter of approximately 30
nanometers or less. The semiconductor material 412, not
shown in FIG. 4B, can have the same circular geometry as the
electrodes. In a number of embodiments, the semiconductor
material 412 can have a different geometry and/or size than
insulating material 416 and electrodes 410. For example, the
semiconductor material 412 could have a diameter that is less
than the diameter of the insulating material 416 and elec-
trodes 410. In a number of embodiments, the electrodes 410,
insulating material 416, and/or semiconductor material 412
can have a quasi-square geometry, among other geometries.

FIG. 5 is a graph illustrating voltage and current density
relationships, e.g., a JV graph, of a select device in accor-
dance with one or more embodiments of the present disclo-
sure. In FI1G. 5, JV graph 520 includes line 522 that illustrates
the relationship of the current density on a select device, such
as select devices 108, 208, 308, 408 described in association
with FIGS. 1-4, when a signal, such a programming signal
and/or a read signal, is applied to the select device.

In one or more embodiments, when a signal, e.g., a first
signal, having a voltage that ramps from approximately OV to
approximately 3.2 V, the current density on the select device
starts to increase significantly once the signal reaches a
threshold voltage, which is approximately 3.2 V on graph
520. For example, the current density on the select device
ranges from approximately 1E1 A/cm? to 1E5 A/cm?, when
the signal is ramped from approximately 0 V to 3.5V, while
the current density on the select device ranges from approxi-
mately 1E5 A/em? to 2E7 A/cm?, when the signal is ramped
from approximately 3.2V to 3.5 V. The current corresponding
to the voltage ranging from OV to 3.2 V can range from
approximately 1E-10V to approximately 1E-4 V. The
increase of the current density on the select device is caused
by a drop in resistance of the select device due to the signal
heating the select device having the materials and geometry
described herein. The select devices described herein can
withstand repeated heating to temperatures greater than 600°
C. without breaking down. For example, applying a signal
that is ramped from OV to 3.5V causes the select device heat
up. When the select device reaches a threshold temperature
(T,) due to the voltage of the signal applied to the select
device increasing, the select device snaps between resistive
states and the resistance of select device decreases by a num-
ber of orders of magnitude. FIG. 5 illustrates a select device
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that is configured to reach a threshold temperature, where the
select device snaps between resistive states, which is greater
than 600° C. when a signal that is greater than or equal to
approximately 3.2 V is applied to the select device. Once the
select device snaps between resistive states and the resistance
of the select device decreases, the signal is passed from the
select device to a storage element of a memory cell with a
magnitude of current that is sufficient to program and/or read
the memory cells.

In FIG. 5, graph 520 includes line 524 that illustrates the
relationship of the current density on a select device, such as
select devices 108, 208, 308, 408 described in association
with FIGS. 1-4, when a signal, such a programming signal
and/or a read signal, is removed from the select device.

In one or more embodiments, line 524 on graph 520 illus-
trates as a signal, e.g., a first signal, having a voltage of
approximately 3.5V is removed from the select device caus-
ing the voltage on the select device to decrease. As the voltage
on the select device decreases, the temperature of select
device decreases, which causes the resistance of the select
device to increase and also the current density on the select
device to decrease. In FIG. 5, as the signal is removed from
select device, the current density on the select device
decreases from approximately 2E7 A/cm?® to 1E4 A/cm?, as
the voltage of the signal decreases from approximately 3.5V
to 2V. While the current density on the select device decreases
from approximately 1E4 A/cm?® to 1E1 A/cm?, as the voltage
of the signal decreases from approximately 2V to OV. The
decrease in current density on the select device that starts
when the voltage on the select device is approximately 2V can
correspond with the temperature of the select device cooling
to below a threshold temperature, where the select device
snaps between resistance states. For example, the resistance
of'the select device can snap from a second resistance state to
a first resistance state, where the first resistance state is a
number of orders of magnitude higher than the second resis-
tance state, when the select device cools to below the thresh-
old temperature. In a number of embodiments, the select
device can snap between resistive states less than 15 ns after
a signal is removed from the select device. Once the select
device snaps between resistive states and the resistance of the
select device increases, the select device is in a resistive state
where signals, e.g., a second signal, applied to the select
device that are less than a threshold voltage do not pass from
the select device to a storage element of a memory cell with a
magnitude of current that is sufficient to program and/or read
the memory cells.

The present disclosure includes select devices and methods
of using select device for memory cell applications. An
example select device includes a first electrode having a par-
ticular geometry, a semiconductor material formed on the first
electrode and a second electrode having the particular geom-
etry with formed on the semiconductor material, wherein the
select device is configured to snap between resistive states in
response to signals that are applied to the select device.

Although specific embodiments have been illustrated and
described herein, those of ordinary skill in the art will appre-
ciate that an arrangement calculated to achieve the same
results can be substituted for the specific embodiments
shown. This disclosure is intended to cover adaptations or
variations of various embodiments of the present disclosure.
Itis to be understood that the above description has been made
in an illustrative fashion, and not a restrictive one. Combina-
tion of the above embodiments, and other embodiments not
specifically described herein will be apparent to those of skill
in the art upon reviewing the above description. The scope of
the various embodiments of the present disclosure includes
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other applications in which the above structures and methods
are used. Therefore, the scope of various embodiments of the
present disclosure should be determined with reference to the
appended claims, along with the full range of Equivalents to
which such claims are entitled.

In the foregoing Detailed Description, various features are
grouped together in a single embodiment for the purpose of
streamlining the disclosure. This method of disclosure is not
to be interpreted as reflecting an intention that the disclosed
embodiments of the present disclosure have to use more fea-
tures than are expressly recited in each claim. Rather, as the
following claims reflect, inventive subject matter lies in less
than all features of a single disclosed embodiment. Thus, the
following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a separate
embodiment.

What is claimed is:

1. A memory cell, comprising:

a select device including:

a first electrode having a particular geometry;

a semiconductor material formed on the first electrode;

a second electrode having the particular geometry
formed on the semiconductor material, wherein the
select device is configured to snap between resistive
states in response to signals that are applied to the
select device; and

an insulator material is formed on a sidewall of the first
electrode, a sidewall of the semiconductor material,
and a sidewall of the second electrode.

2. The memory cell of claim 1, wherein the semiconductor
is amorphous silicon.

3. The memory cell of claim 1, wherein the select device
includes a leakage current that scales with the area of the
select device.

4. The memory cell of claim 1, wherein a width of the
semiconductor material is less than approximately 20 nanom-
eters.

5. The memory cell of claim 1, wherein an aspect ratio of
the first electrode is greater than 10.

6. The memory cell of claim 1, wherein the first electrode
and the second electrode include titanium silicon nitride (Ti-
SiN).

7. The memory cell of claim 1, wherein the first electrode
and the second electrode include tantalum nitride (TaN).

8. The memory cell of claim 1, wherein the first electrode
and the second electrode include optical adsorbers.

9. A memory cell, comprising:

a select device including:

a first electrode having a particular geometry;

a semiconductor material formed on the first electrode;

a second electrode having the particular geometry
formed on the semiconductor material; and

an insulator material formed on a sidewall of the first
electrode, a sidewall of the semiconductor material,
and a sidewall of the second electrode.

10. The memory cell of claim 9, wherein the semiconduc-
tor material is doped with carbon.

11. The memory cell of claim 9, wherein the first electrode
and the second electrode is doped with carbon.

12. The memory cell of claim 9, wherein first electrode and
the second electrode are formed of a metal/resistor laminate.

13. The memory cell of claim 9, wherein the insulator
material is silicon nitride.

14. The memory cell of claim 9, wherein the insulator
material has a dielectric constant that is greater than 10.
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15. The memory cell of claim 9, wherein the particular
geometry is a circular geometry with a diameter of less than
20 nanometers.

16. The memory cell of claim 9, including a resistive stor-
age element in series with the select device. 5
17. The memory cell of claim 9, wherein a half select ratio

(HSR) of the resistive storage element is greater than 10*.

18. The memory cell of claim 9, wherein the select device

is supports bi-directional current flow therethrough.

#* #* #* #* #* 10



